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Introduction: Radiography can monitor bone healing to detect delayed healing, non- 
union, and mal-union early. This study aimed to monitor bone healing, following oral 
administration of quail eggs and bone broth (BB) on a bone defect in the rabbit model. 
Materials and methods: A total of 24 adult white New Zealand rabbits were used in 
the study. They were divided into four six groups before creating a 3.5 mm bone 
defect. The first group received a daily oral dose of BB, the second group a daily oral 
dose of quail egg (QE), and the third group received a daily oral dose combination of 
BB and quail eggs (BQE). At the same time, the fourth group was given an oral daily 
dose of distilled water (CN) for 12 weeks. Radiographs were taken at 2, 4, 6, 8, 10, and 
12 weeks postoperative. An experienced radiologist blinded to the groupings scored 
the radiographs on a scale of 0-4 based on mineral opacity. 

Results: At week 6, the BB and BQE groups differed significantly from the QE and CN 
groups. There was a significant difference between the treatments and the control group 
at weeks 8 and 10. The complete healing of BB and BQE groups occurred before week 10. 
The healing of two rabbits in the QE group was done before week 10 although the others 
completed healing before week 12. The CN group did not heal even after week 12. 
Conclusion: Using radiography, Monitoring the bone healing rate was done successfully. 
The BQE group showed the fastest healing, followed by BB, and QE groups. 


1. Introduction 


Radiography is an imaging technique that uses X-rays or 
similar ionizing radiation to view the internal structure of an 
object!. Bone defects are serious conditions in which a 
portion of the bone is damaged or missing due to trauma, 
infection, tumors, or congenital malformations. Conventional 
treatments such as reset, fixation, and functional exercise 
usually result in complete healing for short bone defects. 
However, the situation becomes extremely difficult when the 
defect is too large?. Quail egg has several nutritional benefits, 
such as antioxidants, protein, lipids, cholesterol, 
carbohydrate, fat, vitamin E, and minerals such as nitrogen, 
iron, and zinc. Bone broth is traditionally known to improve 
healing*. It is a liquid containing cooked bones and 
connective tissues, which can be made from cow, chicken, 


and even fish bones. It is usually simmered for 24 - 48 hours 
when cooking, giving the stock enough time to extract all the 
nutrients from the bones®. It has been estimated that 
approximately 5-10% of the population experience 
difficulty in bone healing, resulting in delayed bone healing, 
non-unions, and malunions, which could have been avoided 
with adequate monitoring and nutritional support®. Bone 
healing is a process of renewal of the bone tissue’. The 
ability of bone tissues to repair itself often fails when a 
defect is too complicated or too large to be bridged, often 
leading to delayed healing’. Surgical management and 
autografts are the current gold standard treatment for bone 
defects, which can be used along with adjunct therapy to 
enhance bone healing?!°. Thus, the high costs associated 
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with a high incidence of delayed bone healing and 
complications place considerable financial, physical, and 
mental burdens on individuals and highlight the need to 
identify affordable, effective, and safe strategies to accelerate 
the healing rate, especially in a stable bone defect. 


2. Material and Methods 
2.1. Ethical approval 


Ahmadu Bello University (Nigeria) Committee approved 
this research on animal Use and Care (ABUCAUC). An 
approval number (ABUCAUC/2021/096) was issued. 


2.2. Animals and study design 


Twenty-four males aged 7-8 months New Zeeland 
rabbits weighing 1.7 + 0.28 kg obtained from the National 
Animal Production Research Institute (NAPRI, Zaria, 
Nigeria) were used for this study in August 2021. On the day 
of the surgical creation of the femoral bone defect, the 
twenty-four rabbits were randomly grouped into four 
groups (A[BB], B[QE], C[BQE], and D[CN]) of six animals 
each. The rabbits in group A were orally given 3 ml/kg of 
bone broth (BB). Group B received 1.9 ml/kg of quail egg 
(QE) orally, while group C was given a combination of bone 
broth (3 ml/kg) and quail egg (1.9 ml/kg, BQE) orally1!12.13, 
In group D, rabbits were not given any supplement (CN) and 
only received an oral daily dose of distilled water. All the 
treatments were administered daily from day 1 of surgery 
till week 12. The animal preparation, anesthesia used, and 
surgical creation were performed!*. This procedure was 
performed in all 24 rabbits. Aseptic conditions were adhered 


to, and no external splint or surgical fixation was used}. No 
post-surgical complication was observed. A mediolateral 
radiograph of the left hind limb of each rabbit was taken at 
weeks 2, 4, 6, 8, 10, and 12 postoperative till the end of the 
study using a mobile x-ray machine (MDX 100, Records and 
Medicare Systems (P) Ltd. India). Radiographic evidence of 
healing included a progressive increase in mineral opacity in 
the defect site. An experienced radiologist blinded to the 
groupings on the work scored all the radiographs on a scale 
of 0-4 using a previously published semi-quantitative 
scoring system with slight modification’. Including scale 0, 
no mineral opacity in the defect area; scale 1, minimal 
mineral opacity of 0 > 25% in the defect site; scale 2, mineral 
opacity of 25>50% in the defect site; scale 3, mineral opacity 
of 50>75% in the defect site, scale 4, mineral opacity of 
75>100% bridging bone at the defect sites. 


2.3. Statistical analysis 


The statistical analyses were performed using IBM SPSS 
software (IBM SPSS Statistics version 25.0, USA). 
Radiographic data were presented as median (minimum- 
maximum) values. The Kruskal-Wallis test was used to 
analyze the radiographic results. Data were considered 
statistically significant when p < 0.05. 


3. Results 


A radiographic assessment of bone healing revealed a 
clear radiolucent defect site in the left distal epicondyle of 
the femur (Table 1). There was no significant difference (p 
> 0.05) in the radiologic scores among the groups at weeks 
2 and 4 (Table 1, Figure 1, and Figure 2). However, a 


Table 1. Radiographic scores of the left distal femoral bone defect healing in rabbit models were administered with quail egg and bone broth in Nigeria in 


August 2021 
EOTS Duration of bone healing after the bone defect 
2 weeks 4 weeks 6 weeks 8 weeks 10 weeks 12 weeks 
BB 1(1-1) 1(1-1) 1(1-2)* 3(2-3)* 4(4-4)* 4(4-4) 
QE 1(1-1) 1(1-1) 1(1-1) 2(2-3)* 4(3-4)* 4(4-4) 
BQE 1(1-1) 1(1-1) 2(1-2)* 3(3-3)* 4(4-4)* 4(4-4) 
CN 1(1-1) 1(1-1) 1(1-1) 1(1-2) 2(2-3) 3(3-4) 


Data are represented as median (range). *asterisk within each week (within the column) indicates a significant difference (p < 0.05) among the groups. 0- 
6 weeks (n=6), 6-12 weeks (n=3). BB: Bone broth group, QE: Quail eggs group, BQE: Bone broth and quail egg combination group, CN: Control group 


Figure 1. The rabbit model's left distal femoral epicondyle bone defect after two weeks of treatment. Round radiolucent defect site (yellow arrow) across 
the groups in Nigeria. BB: Bone broth, QE: Quail egg, BQE: Bone broth and quail egg combination, CN: Control 
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Figure 2. The rabbit model's left distal femoral epicondyle bone defect after four weeks of treatment. Round radiolucent defect site (yellow arrow) across 
the groups in Nigeria. BB: Bone broth, QE: Quail egg, BQE: Bone broth and quail egg combination, CN: Control 


statistically significant difference was observed among 
the treatment groups of bone broth (BB) group, bone 
broth and quail eggs combination (BQE) group with 
respect to the control (CN) group at week 6 (p < 0.05). 
From the radiographs, at week 6 it was observed that 
the shape and dimension of the defect site changed on 
the radiographs (Figure 3) of BB and BQE, indicating 
that the reparative phase has ended and the healing was 
currently in its final stage (remodeling phase) while the 


quail eggs (QE) and CN group were still in the reparative 
phase. A statistically significant difference in the 
radiologic scores were also observed among all the 
treatment groups (BB, QE, and BQE) with respect to the 
CN group at week 8 and 10 (p < 0.05). The BB and BQE 
were in their early remodeling phase (third phase), 
while QE and CN were in their late reparative phase 
(second phase, Figure 4) at week 8. Complete healing 
and remodeling of the bone defect in the BB and BQE 


Figure 3. The rabbit model's left distal femoral epicondyle bone defect after six weeks of treatment. The radiolucent defect site (yellow arrow) showed 
changes in its dimension and was shaped with more callus deposits (radiodensity) around the defect site observed in BB and BQE groups in Nigeria. BB: 
Bone broth, QE: Quail egg, BQE: Bone broth and quail egg combination, CN: Control 


Figure 4. The rabbit model's left distal femoral epicondyle bone defect after eight weeks of treatment. The radiolucent defect site (yellow arrow) showed 
changes in dimension and shaped with more callus deposits (radiodensity) around the defect site observed in all the groups in Nigeria. BB: Bone broth, 
QE: Quail egg, BQE: Bone broth and quail egg combination, CN: Control 
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Figure 5. The rabbit model's left distal femoral epicondyle bone defect after 10 weeks of treatment. The disappearance of the radiolucent defect in the BB 
and BQE group (blue arrow) was still present in QE and CN groups (yellow arrow) in Nigeria. BB: Bone broth, QE: Quail egg, BQE: Bone broth and quail 


egg combination, CN: Control 


group at week 10 (Figure 5) and QE group at week 12 
(Figure 6) was observed. While in the CN group, there was 


evidence of woven bone at the center of the defect without 
complete bone healing and remodeling. 


Figure 6. The rabbit model's left distal femoral epicondyle bone defect after 12 weeks of treatment. Complete healing of the defect was observed in all the 
treatment groups (BB, QE, and BQE, blue arrows) and incomplete with a radiolucent defect (yellow arrow) in the CN group in Nigeria. BB: Bone broth, QE: 


Quail egg, BQE: Bone broth and quail egg combination, CN: Control 


4. Discussion 


The radiographs taken at 2 weeks intervals revealed 
faster progressive healing in all the treatment groups 
compared to the control group. In addition, it was 
discovered that the BB and BQE group healed much faster 
than the QE and CN groups. In this study, the earliest 
observed changes were blurring of the defect margins 
with changes in the shape of the defect site at week 6. 
Based on the radiographic scoring, no significant 
difference was observed until week 6. This was likely 
because the radiograph did not pick the early signs of 
healing, which was in progress. This finding is similar to 
the work reported by a study, which worked on calcium 
supplements in rats and reported no significant difference 
at weeks 2-417. The reparative phase was observed to 
have occurred before week 2, which ended before week 6 
for BB and BQE groups and ended before week 8 for QE 
and CN groups, after which the remodeling stage started. 
The changes in the shape and dimension of the defect site 
and the hard callus indicate that the reparative phase is 
over. This finding supports the report of an examination 


that documented that the structure of the fractured site 
differs from its original look at the end of the repair 
phase!8. At week 6, the treatment groups significantly 
increased the radiographic score, especially among the BB 
and BQE groups, compared to the QE and CN groups. This 
is likely because bone broth contains high calcium, 
protein, and other essential nutrient levels for bone 
healing. This finding aligns with the work that 
administered calcium supplements on fracture in an 
osteoporotic rat model and observed significant changes 
in healing at week 61’. This finding also agrees with the 
work that reported a significant difference at the end of 
the fifth week in the healing of fractured bone in rabbits 
due to daily oral administration of bone broth 
supplement?!. This finding is also in line with the work 
that assessed the effects of combined calcium 
hydroxyapatite crystals and human platelet-rich plasma 
on critical-sized bone defects of the radius in a rabbit and 
reported a significant difference from week six between 
the treatment groups and the control!?. At week 8 and 
week 10, the significant difference obtained between the 
treatment groups when compared to the control group 
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was likely because all the nutrients such as crude protein, 
carbohydrate, calcium, phosphorus, potassium, sodium, 
and magnesium obtained in the bone broth and quail eggs 
must have contributed in enhancing the healing process 
in the treatment groups. This finding agrees with the 
work reported on the advances and promises of 
nutritional influences on natural bone repair and the 
work on the nutritional aspects of bone health and 
fracture healing?°?!. The bone broth has a high nutritional 
content, including calcium and protein, all required for 
bone regeneration. This study's findings support the 
widely held assumption that taking a dietary supplement 
throughout the healing phase enhances recovery. The CN 
group was delayed because there was no nutrition in the 
distilled water to expedite bone defect repair. The healing 
time of 10 weeks obtained in the BB and BQE group is 
contrary to the healing time that worked on bone broth 
and reported a healing time of a transverse fracture at the 
5th week19. The variations in the healing time are because 
this study created a 3.5 mm defect, not a transverse 
fracture. 


5. Conclusion 


Radiography monitored the rate of bone healing 
across the groups and revealed that the treatment groups 
healed faster than the control group. The BQE and BB 
groups showed the best results in bone healing. This 
research can be repeated in clinical cases and on 
fractured bones in the future. It can also be conducted on 
different sex groups to know if hormonal changes can 
affect the healing process. 
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